Accurate light dosimery is critical to ensure consistent outcome for pleural photodynamic therapy (pPDT). Ellipsoid shaped cavities with different sizes surrounded by turbid medium are used to simulate the intracavity lung geometry. An isotropic light source is introduced and surrounded by turbid media. Direct measurements of light fluence rate were compared to Monte Carlo simulated values on the surface of the cavities for various optical properties. The primary component of the light was determined by measurements performed in air in the same geometry. The scattered component was found by submerging the air-filled cavity in scattering media (Intralipid) and absorbent media (ink). The light source was located centrally with the azimuthal angle, but placed in two locations (vertically centered and 2 cm below the center) for measurements. Light fluence rate was measured using isotropic detectors placed at various angles on the ellipsoid surface. The measurements and simulations show that the scattered dose is uniform along the surface of the intracavity ellipsoid geometries in turbid media. One can express the light fluence rate empirically as φ =4S/A s *R d /(1-R d ), where R d is the diffuse reflectance, A s is the surface area, and S is the source power. The measurements agree with this empirical formula to within an uncertainty of 10% for the range of optical properties studied. GPU voxel-based Monte-Carlo simulation is performed to compare with measured results. This empirical formula can be applied to arbitrary geometries, such as the pleural or intraperitoneal cavity.
INTRODUCTION
PDT is a local treatment aptly suitable to treat malignant, localized tumors such as those observed in malignant pleural mesothelioma (MPM). 1, 2 To treat MPM, PDT is coupled with surgical resection of the tumorous tissue. Within the thoracic cavity, the light delivery is continuously administered by a moving point source applied by radiation oncologist or the surgeon. As the light source is applied, the knowledge of how well each particular area of the thoracic cavity is being irradiated will make the entire treatment process more effective and efficient and can serve to better personalize treatment delivery.
In order to improve the dosimetry accuracy of light fluence calculation inside the lung cavity, it is necessary to accurately determine the scatter light fluence rate inside an arbitrary shaped cavity. The scattered light fluence rate is expected to be a constant because of the so-called integrating sphere effect. 3, 4 The purpose of this study is to verify if this assumption is accurate for an ellipsoid-shaped cavity emerged inside liquid optical phantom with different tissue optical properties. In addition, the accuracies of a two analytical equations to determine the light fluence rate are evaluated.
METHODS

Experimental setup
Two types of egg-shaped lung phantoms were constructed: one for a small lung size and another for a large lung size. Figure 1 shows the experimental setup and geometry of the lung-shaped phantoms. Three isotropic detectors (model IP 1250, Medlight SA, Switzerland) located at different locations right outside the transparent egg-shaped lung phantom through 3 transparent catheters. 
where r is the distance from the point of interest to the laser point source and A(θ) is the anisotropy correction function of the point source. A(θ) is shown in Fig. 3 for the full range of angles used (0 -180°). The data is renormalized so that:
The definitions of the angles are consistent with the orientation of the measurements in the ellipsoid phantom (Figs. 1&2). For an integrating sphere, the scattered light fluence rate inside the sphere, assuming an infinite number of reflections, is uniform and can be calculated according to 3, 5 :
where S is the light source power (mW), R d is the diffuse reflectance of the scattering wall surface, A s ( =4πR 2 ) is the total surface area with R the radius of the sphere, and f is the fraction of the open surface area to the total surface area and is assumed f = 0 in our current setup since the whole lung phantom is completed sealed. The relationship between tissue optical properties and diffuse reflectance is given elsewhere 6 . For comparison, we can also use the analytical solution developed by Star:
where μ a is the absorption coefficient, μ eff is the effective attenuation coefficient. The surface areas (A s ) in Eqs. (3) and (4) can be calculated using either the actual surface area (A s,a ) or volume averaged surface area (A s,v ) based on the corresponding surface volume of a sphere:
where V is the actual volume of the cavity.
RESULTS
3.1 Measurement of scatter fluence rate in egg shaped lung phantoms. Tables 1 and 2 show the total, primary, and scatter fluence rate per power measured in the small lung phantom for two different intralipid concentrations (0.5% and 1.0%), respectively, for three different ink concentrations (0.002%, 0.01%, and 0.02%) per each intralipid concentration. The scatter fluence rate per power is calculated as the difference between the total and primary fluence rate per power. The mean measured scatter fluence rates per power and its standard deviation are also shown per each optical properties (μ a , μ s '). For comparison, calculated scatter fluence rate per power using Eqs. (3) and (4) are also shown using two different surface areas (A s,a , A s,v ). Table 3 shows the corresponding light fluence rate per power measured in the large lung phantom for an intralipid concentration (1.0%). Note the data in parenthesis in Tables 3 is not used in the average for scatter light due to suspicion of measurement error. 2 ) are very close, within 1%, and thus the difference in the calculated scatter fluence rate per power between the two areas are negligible. Our measurements in general seem to indicate that Eq. 3 predicts measured scatter fluence rate per power better than that based on Star formula (Eq. 4) to within 10%. The agreement is better if the actual surface area is used. Some preliminary comparisons of scatter fluence rate per power between GPU voxel-based Monte-Carlo (MC) simulations using DosieSOFT from Simphotek, Inc. and the measurements are made for the small lung phantom with the source on the central axis (see Table 7 ). The agreement between MC calculation and measurement are similar to that based on Star's formula (Eq. 4) and are less than 23%.
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